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Methicillin-resistant Staphylococcus aureus (MRSA) is a nosocomial-
related and economically-relevant Gram-positive bacterial pathogen 
that has been known to display multidrug-resistance properties towards 
a wide range of structurally-unrelated antibiotics and antimicrobial 
agents. On the other hand, codonopsinine is a plant-based pyrrolidine 
alkaloid which is known to display remarkable antibiotic, hypotensive 
and low cytotoxic activity. Previously, 30 codonopsinine derivatives 
with electron rich functional groups were synthetically produced. In 
this study, selected microbiological and pre-clinical assays were carried 
out to investigate the possibility of using codonopsinine derivatives as 
potential new inhibitory agents against MRSA and methicillin-sensitive 
S. aureus (MSSA) isolates. In the MIC assay, only two novel compounds, 
MFM501 and MFM514, showed good inhibitory activity with MIC 
values between 7.81 to 31.3 µg/ml against 38 MRSA and 13 MSSA 
isolates. The MBC/MIC ratio exhibited that both active compounds has 
a bacteriostatic effect against MRSA and MSSA isolates. In the time-
kill studies, MFM501 showed a time-dependent killing action while 
MFM514 displayed a concentration-dependent killing effect. MFM514 
also exhibited a faster bacteriostatic action than MFM501. Additionally, 
SEM analysis suggests that both active derivatives may exert its inhibitory 
activity via bacterial lysis and/or cytoplasmic membrane disruptions 
Direct liquefaction of Mukah Balingian coal was successfully carried 
out using tetralin, glycerol and tetralin-glycerol mixed solvent system 
in a batchwise reactor system. This study aimed to determine the effect 
of tetralin-glycerol mixed ratio, liquefaction temperature and reaction 
time on coal conversion and percent of products yield. Tetralin, being 
an excellent hydrogen donor solvent, showed high conversion of 85 
wt.% with 75.13 wt.% of oil+gas. However, it was revealed that usage 
of glycerol alone at a high temperature of 420 °C is not possible due to 
the production of high molecular weight of polymerised residue. Usage 
of the tetralin-glycerol mixed solvent ratio at 70:30 (% vol/vol) gave the 
highest conversion of 78.05 wt.% with oil+gas yield of 44.26 wt.%. As 
liquefaction temperature was increased, thermal treatment allows more 
bond breaking occurred, resulting in the highest conversion obtained at 
420 °C. Yet, the highest yield of oil+gas was obtained at 400 °C, indicating 
that this mixed solvent system prone to polymerization at a temperature 
higher than 400 °C, thus obtaining more asphaltene and pre-asphaltene 
content. The most suitable reaction time for this mixed solvent system to 
produce the highest conversion was found to be at 30 minutes. Beyond 
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which resulted in the various irregular, distorted, shrunken and larger 
shapes of the treated MRSA cells. In the in vitro cytotoxic assay, both 
active molecules showed low cytotoxic activity with IC50 value of > 
625 µg/ml against three non-cancerous mammalian cells. Following 
that, oral acute toxicity study revealed that the estimated LD50 value 
for MFM501 was > 300 mg/kg and < 2000 mg/kg (Category 4) while 
MFM514 exhibited less toxicity with an estimated LD50 value of > 2000 
mg/kg and < 5000 mg/kg (Category 5). Finally, in the mouse protection 
assay, the ED50 values for MFM501 and MFM514 were calculated at 
87.16 mg/kg and 29.39 mg/kg dosage, respectively, while both active 
codonopsinine derivatives exhibited a dose-dependent mice protection 
trend. This study showed that both active pyrrolidone compounds have 
the potential to be developed further as clinically active, safe and 
efficacious anti-MRSA agents. Since the dire need for new antibacterial 
agents are literally crucial for the survival of mankind, it is hoped that 
this study will serve as a proof-of concept paper to interested investors 
and/or healthcare-related companies for further R&D endeavour and/or 
commercial applications.
this time, a very slight increment of conversion with reduced oil+gas 
yield was observed. It was postulated that the similar phenomenon 
was responsible for the effect of temperature and reaction time. 
Response Surface Methodology (RSM) software was used to optimize 
the conditions (temperature and reaction time) to obtain the highest 
conversion possible using this mixed solvent system. It was found that 
the optimum conditions are at a temperature of 417.27 °C and reaction 
time of 18 minutes to produce 76.72 wt.% of conversion. Interestingly, 
GCMS analyses of coal liquids (hexane soluble compounds) revealed 
that usage of the mixed solvent system allows elucidation of both non-
polar and polar compounds which is not obtainable by using the single 
solvent system. Higher temperature, however, caused category of the 
compound obtained to become increasingly aromatic. It was observed 
that lower-ring number PAHs (two and three fused rings) are more 
abundant and the higher-ring-number PAHs are the products of growth 
reactions of smaller hydrocarbon units.
